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LIGHT SOURCE AND VEHICLE LAMP 
[001] This invention claims the benefit of Japanese Patent Application No. 2003- 

323820, filed on September 17, 2003, which is hereby incorporated by reference. 

1, Field of the Invention 

[002] The present invention relates to a light source and more particularly to a light 

source apparatus for vehicle lamps employing a plurality of LED elements and to a vehicle lamp 
such as a headlight and an auxiliary headlight using the light source apparatus. 

2. Description of the Related Art 

[003] Conventional large-current type white LED light sources are configured, for 

example, as shown in Fig. 22. In Fig. 22, a white LED light source 1 includes an LED chip 3 
mounted in a cavity 2a provided on the upper surfece of a heat radiating core 2. A resin 4 
containing fluorescent substance such as silicon or epoxy can be located on the heat radiating 
core 2 and include a lens 5 located above the resin 4. Drive current can be supplied to the LED 
chip 3 by wire-bonding the upper ends of lead terminals 6 and 7 with gold wires 6a and 7a, 
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respectively, to electrode portions of the heat radiating core 2 and the LED chip 3, The lead 
terminals are arranged around the heat radiating core 2. 

[004] The LED chip 3 is, for example, a blue LED chip emitting blue light while the 

fluorescent substance in the resin 4 emits yellow light as a result of excitation by blue light. Light 
LI emitted from the LED chip 3 strikes the fluorescent substance in the resin 4, exciting the 
fluorescent substance. As a result of color mixture between excitation light L2 and light LI from 
the LED chip 3, white light is emitted from the LED light source L 

[005] Incidentally, in this type of white LED light source 1, nearly 90% of the supplied 

drive current is converted to heat at present, while only a small part of the drive current is 
converted to light. Internal quantum eflBciency of the LED chip 3 declines when its temperature 
rises due to heat generation. In addition, excitation light conversion efficiency of the fluorescent 
substance in the resm 4 is even more affected by temperature rise than the LED chip 3. 
[006] For the white LED light source 1, therefore, measuring heat radiation is important 

because tenq^erature rise leads to not only reduced emitted light flux but also chromaticity shift. 
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[007J Consequently, the heat radiating core 2 is made of a highly thermally conductive 

material such as copper, with the LED chip 3 mounted on top of the heat radiating core 2, to 
increase the heat radiation efficiency of the LED chip 3. Additionally, the internal surface of the 
cavity 2a, formed on the upper surfece of the heat radiatmg core 2, is employed as a reflection 
hom to improve extraction efficiency of light emitted from the LED chip 3. Such a 
configuration allows use of a large current such as 200mA and above m the white LED Ught 
source 1. Higher brightness and larger light quantity for white LED light sources are on their 
way to becoming a reality as a result of higher efficiency LED chips and improved conversion 
efficiency of fluorescent substances. 

[008] The application of LED light sources in light sources for illumination and vehicle 

headlights is becoming practical, thanks also to advantages such as long life and low power 
consumption of LED chip, 

[009] However, use of a large-current type white LED light source as a light source for 

a vehicle headlight presents problems as described below, making it difficuk to actually 
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configure the LED light source as a vehicle headlight. Light distribution characteristics of a 
vehicle headlight, in particular low-beam light distribution characteristics, have been 
standardized as shown in Fig. 23, requiring a horizontal line that reduces glare on oncoming 
vehicles. The difference between light and dark in luminous mtensity (heremafter referred to as 
"cutoff line CI") is formed at a 15-degree elbow line and provides better recognition of 
pedestrians and traffic signs. Additionally, a minimum center luminous mtensity of SOOOcd or 
more in the front view provides the driver's far distance visibility. It should be noted that center 
luminous intensities of 20000cd or more for vehicle headlights using a conventional halogen 
light bulb, and 40000cd or more for vehicle headlights using an HID (xenon discharge lamp) are 
common. 

[010] To achieve such a light distribution by using the white LED light source 1 as a 

light source, the vehicle headlight as shown in Fig. 24 or 25 has been hitherto conceived. In Fig. 
24, a vehicle headlight 8 is comprised of a light shielding plate 8b that forms a low-beam light 
distribution pattern, that is, forms the above-mentioned cutoff near the focus F at the back of a 
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convex lens 8a for collecting light. The white LED light source 1 is located immediately behind 
the light shielding plate 8b. Light emitted from the white LED Ught source 1 travels toward the 
focus F of the convex lens 8a and is collected by the convex lens 8a, with uimecessary or 
unwanted light blocked by the light shielding plate 8b which is provided near the focus F, thus 
causing the light to be irradiated forward in a light distribution pattern having a so-called low- 
beam cutofif as shown in Fig. 23. 

[Oil] In Fig. 25, a vehicle headlight 9 is comprised of a light shielding plate 9b that 

forms a low-beam light distribution pattern, that is, it forms the above-mentioned cutoff near the 
focus F at the back of convex lens 9a. A reflector 9c includes or consists of a rotary elliptic 
sur&ce that has a focus located near the focus F of the convex lens 9a and has another focus 
located on the optical axis of the convex lens 9a, The white LED light source 1 can be located 
near the other focus of the reflector 9c and the shielding plate 9b can be arranged perpendicularly 
to the optical axis of the convex lens 9a, that is, in a horizontal orientation relative to the convex 
lens 9a. Light emitted from the white LED light source 1 is reflected by the reflector 9c, travels 
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toward one of the focuses, e.g., the focus F of the convex lens 9a, and is collected by the convex 
lens 9a. Unnecessary or unwanted light can be partially or totally blocked by the Ught shielding 
plate 9b provided near the focus F, thus causing the light to be irradiated forward in a light 
distribution pattern having a so-called low-beam cutoff as shown in Fig. 23. 
[012] Incidentally, while a cutoff can be readily formed by projecting the shadow of the 

light shielding plate 8b or 9b with the convex lens 8a or 9a in the vehicle headlight 8 or 9, a 
secondary optical system's lens in addition to the lens of the white LED light source 1 (the 
primary optical system's lens) must be used. This results in approximately 30 to 40% of light 
from the white LED light source 1 being blocked by the light shielding plate 8b or 9b, thus 
considerably lowing light utilization efficiency. 

[013] However, the emission shape of the white LED light source 1 is rectangular or 

circular, making it difficult to form a clear cutoff without using the light shielding plate 8b or 9b. 
[014] Further, a luminous mtensity value of a light-collecting optical system is, in 

general, roughly determined by light source brightness (brightness at the focus position of the 
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secondary optical system's lens) and secondary optical system area. Therefore, it is difficult for 
LED light sources that are less bright than the existing halogen light bulbs or HIBs to achieve a 
peak luminous intensity value. Even assuming that increasing brightness will be available with 
LED light sources, it is unlikely that an LED light source will be as bright as an HID light source 
in the future. In the case of the vehicle headlight 9 shown in Fig. 25 in particular, therefore, a 
larger optical system area is required to obtain a similar brightness as compared to the existing 
projector type light. Additionally, the LED light source becomes as deep in structural volume 
requirements as the existmg projector type lanq) due to difficulties involved in making use of 
surface emission (the advantage of the LED light source), thus makmg it difficult to achieve size 
and thickness reduction in the vehicle headUght. 

[015] As for the vehicle headlight 8 shown in Fig. 24, the luminous mtensity value near 

the focus F declines sharply with increasing distance of the Ught shielding plate 8b from the 

emission portion of the LED Ught source 1. According to experiments carried out by the 

applicants, although it is preferred that the Ught shielding plate 8b be located within 2nmi from 

8 
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the emission portion to obtain approximately 60% of luminous intensity as shown by the graph 
in Fig. 26, it is difficult and nearly impossible to arrange the light shielding plate 8b within 2mm 
from the emission portion because the LED light source 1 is commonly covered with the resin- 
molded lens 5 for improved light extraction efficiency and protection of the LED chip 3, the 
resin 4 that includes a fluorescent substance, and the gold wires 6a and 7b. 
[016] In contrast, in the vehicle headlight 8, the emission shape of the emission portion 

of the LED light source 1 is projected forward by the convex lens 8a, thus reflecting the uneven 
color and the brightness distribution of the LED chip 3 as is in the light distribution 
characteristic. Since the white LED light source 1 is configured as described earlier with 
reference to Fig. 22, the emission portion is substantially the surface of the resin 4 that includes 
the fluorescent substance. Therefore, the color of light on the emission portion surface is 
determined by the ratio of transmitted light from the LED chip 3 and excitation light generated 
by the fluorescent substance. Since Ught transmitted from the LED chip 3 is in abundance 

directly above the LED chip 3, the light is bluish white in the case of a blue LED chip, with the 

9 
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light turning progressively yellow-tinted white with increasing distance from the chip, thus 
resulting in uneven color. This is true with the brightness distribution, affecting the light 
distribution characteristic due to forward irradiation of light that has uneven brightness. 
[017] Further, in the vehicle headlight 8, the emission shape of the white LED light 

source 1 or an image close thereto is projected forward by the convex lens 8a, thus causing, for 
example, a secondary cutoff line C2 to be formed as shown in Fig. 27. The secondary cutoff line 
C2, when irradiated onto the screen or road surface, leads to uneven light distribution. As a 
possible configuration for making such an uneven light distribution due to the secondary cutoff 
line less conspicuous, the focal distances of sets of vehicle headlights 8 can be made different 
from one another by providing a plurality of sets of vehicle headlights 8 (four sets in the 
illustration) as shown in Fig. 28. This configuration, however, fails to eliminate the secondary 
cutoff line C2, resulting in a plurality of secondary cutoff lines C2 appearing, and thereby 
making it difficult or impossible to generate a smooth gradation in the light distribution 
characteristic. 

10 
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1018] In contrast, other conceivable methods for forming the image of the white LED 

light source 1 near the focus F of the convex lens 8a are possible. For example, a second optical 
system's lens can be arranged to include a second convex lens 8d consisting of a single lens as 
shown in Fig. 30 and a second convex lens 8e consisting of two lenses as shown in Fig. 31. 
While allowing generation of a gradation in the light distribution characteristic by the use of a 
plurality of lenses (the convex lens 8a and the second convex lens 8d or 8e), these configurations 
lead to a conq)lex optical system and more parts, resulting in higher parts and assembly costs and 
difficulties in optical axis alignment. 
SUMMARY OF THE INVENTION 

[019] In light of the foregoing and other reasons, the present mvention provides a light 

source apparatus, such as a vehicle lamp, headlight or auxiliary lamp or headlight, that is 

particularly suited for irradiating light forward by using a plurality of LED elements. 

[020] According to an aspect of the present invention there is provided a light source 

that includes a base having a cavity formed on its upper surface; an LED chip mounted in the 

11 
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cavity of the base; a resin portion for sealing the LED chip in the cavity; an optical member 
disposed above the base and apart from the LED chip; a Ught shielding portion disposed on the 
inner surface of the optical member, for forming a cutoff suited for a light distribution pattern for 
vehicle headlight; and a fluorescent substance layer disposed at least in regions other than the 
light shielding portion on the inner surface of the optical member. 

[021] The base is preferably formed as a heat radiating core. The base is also preferably 

formed as a ceramic base. The optical member is preferably a lens. The optical member is also 

preferably a flat cover. The light shielding portion may be positioned within 2mm, preferably 

1mm from the LED chip. The light shielding portion is preferably comprised of a thin film 

formed on the iimer surface of the optical member. The light shielding portion is preferably 

con:q)rised of a member in plate form adhered to the inner surface of the optical member. 

Preferably the member in plate form has a given thickness along the optical axis. The light 

source may fiirther comprise a second light shielding portion disposed on the outer surface of the 

optical member. The inner surface of the light shielding portion is preferably formed as a 

12 
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reflection sxirfece. The reflection siirfece is preferably disposed slanted so as to reflect light from 

the LED chip. The inner surface of the base cavity may include a second reflection surface 

confronting the reflection surface, for reflecting reflected light from the reflection surface toward 

the optical axis. The reflection surface is preferably conq)rised of a thin metal film formed on 

the surface of the light shielding portion. The reflection surface is preferably comprised of a 

surfece of the light shielding portion made of, for example, a metallic material. The fluorescent 

substance layer is preferably formed in thin film form. The fluorescent substance layer is 

preferably formed by impregnating silicon film with fluorescent substance. The optical member, 

the inner surface of the light shielding portion or the reflection surface, each of which is in 

contact with the fluorescent substance layer, is preferably coated with a Si02 layer. The 

fluorescent substance layer is preferably formed so as to become thinner with increasing distance 

from the optical axis. The outer surface of the flat cover is preferably provided with a 

microtexture structure at least in regions not corresponding to the light shielding portion. The 

microtexture structure is preferably formed on the flat cover siuface. The microtexture structure 

13 
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is preferably formed in sheet form separate from the flat cover and adhered to the outer surface 
of the flat coven It is preferred that the microtexture structure be formed on a surface not 
corresponding to the light shielding portion of the flat cover, and that the second light shielding 
portion be formed projecting along the optical axis on a surface corresponding to the light 
shielding portion of the flat cover. 

[022] According to another aspect of the present invention there is provided a vehicle 

headlight comprising any one of the light sources configured for use with a vehicle headlight; 
and a projection lens disposed such that the focus on the Ught source side lies in the vicinity of 
the light shielding portion of the light source apparatus, wherein the projection lens irradiates 
forward the shape of an emission portion of the light source apparatus cut off by the light 
shielding portion. 

[023] Light emitted from the LED chip can be emitted from the resin portion directly or 

after reflection by the cavity internal surface and can fall on the fluorescent substance layer. 

Then, the fluorescent substance in the fluorescent substance layer is excited by light from the 

14 
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LED chip, producing mixed color light from the mixture of fluorescence by excitation and light 
from the LED chip. The mixed color light can form a cutofif by the light shielding portion and 
can be emitted along the optical axis. Therefore, the light can be irradiated in a given light 
distribution pattern for a vehicle headlight by projecting the light with the projection lens along 
the optical axis, for example, to the front of the automobile. 

[024] At this time, heat generated by the LED chip is prevented from transfer to the 

fluorescent substance layer by isolating the fluorescent substance layer from the LED chip, that 
is, providing a space between the fluorescent substance layer and the LED chip. This suppresses 
temperature rise in the fluorescent substance layer due to heat generation by the LED chip. 
[025J Consequently, a decline in excitation light conversion efficiency due to 

temperature rise in the fluorescent substance layer can be suppressed, suppressing in retum a 
reduction in excitation light and thereby reducing a change in luminous intensity attributed to 
temperature rise, and enhancing luminous intensity of mixed color Ught (Ught resulting from 

15 



Attorney Docket No. ST3001-0039 

mixture of fluorescence by excitation and light from the LED chip) and improving light 
extraction efficiency. 

[026] Isolation of the LED chip from the fluorescent substance layer allows imeven 

brightness of the LED chip's emission portion to fall on the fluorescent substance layer in a 
diffused manner, thus reducing uneven color and forming a gradation with a smooth brightness 
distribution. 

[027] Further, arrangement of the light shielding portion within the light source 

apparatus allows the LED chip and the light shielding portion to be brought closer to each other, 
making it possible to form a cutoff with the high-brightness portion near the emission portion 
and therefore achieving higher brightness and realizing a clear cutoff. 

[028] If the base is formed as a heat radiating core, heat generated due to driving of the 

LED chip can be radiated via the heat radiating core. The heat radiating core can be made, for 
example, of copper, thus suppressing temperature rise in the LED chip. 



16 



Attorney Docket No. ST3001-0039 

[029] If the base is formed as a ceramic base, heat generated due to the driving of the 

LED chip is radiated via the ceramic base made, for example, of a ceramic material such as 
alummum nitride or alumina, thus suppressing temperature rise in the LED chip. Additionally, 
forming the ceramic base as a lammated structure and providing wiring patterns inside the base 
eliminate the need for lead materials, etc., for driving the LED chip, reducmg the parts count to 
nearly half and cutting down parts and assembly costs. 

[030] If the optical member is a lens, mixed color light from mixture of fluorescence by 

excitation and light from the LED chip is converged by the optical member, thus causing the 
light to be irradiated along the optical axis. 

[031] If the optical member is a flat cover, mixed color light from mixture of 

fluorescence by excitation and light from the LED chip transmits through the flat cover, thus 
causing the light to be irradiated as is along the optical axis. 

[032] If the light shielding portion is located within 2mm, and more preferably 1 nun, 

from the LED chip, high luminous intensity can be obtained at the light shielding portion. For 

17 
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example, approximately 60% of the LED chip Ixxminous intensity can be obtained when within 
2mm and approximately 90% of the LED chip luminous intensity can be obtained when within 
1mm. 

[033] If the Ught shielding portion is comprised of a thin film formed on the inner 

surface of the optical member, the light shielding portion can be readily constituted, for example, 
by forming the thin film on the inner surface of the optical member by sputtering, etc., and the 
configuration of the light source apparatiis can be simplified because there is no need to provide 
members for supporting the light shielding portion, 

[034] If the light shielding portion is comprised of a member in plate form adhered to 

the inner surface of the optical member, the light shielding portion can be readily constituted, for 
example, by adhering the light shielding portion in plate form to the inner surface of the optical 
member. The configuration of the light source apparatus can be simplified because there is no 
need to provide members for supporting the light shielding portion. 
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[035] If the light shielding portion in plate form has a given thickness taken along the 

optical axis, when light emitted from the light source apparatus along the optical axis is 
irradiated by the projection lens, color separation can be partly or totally eliminated by shielding 
light. For example, the thickness of the light shielding portion in plate form can be defined by 
edge portions respectively located near the focus positions of red hght and blue light attributed to 
chromatic aberration of the projection lens. 

[036] It should be noted that the given thickness of the light shielding portion in plate 

form can correspond to the difference in focal distance between red light and blue light and is 
approximately 2% of the focal distance of the projection lens. 

[037] Further, if a second light shielding portion is provided on the outer surface of the 

optical member, when light emitted from the light source apparatus along the optical axis is 
irradiated by the projection lens, color separation can be partly or totally eliminated by shielding 
light. For example, one of the edges of the light shielding portion and the second light shielding 
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portion can be located, respectively, near the focus positions of red light and blue light attributed 
to aberration of the projection lens. 

[038] It should be noted that the distance between the light shielding portion and the 

second light shielding portion along the optical axis can correspond to the difference in focal 
distance between red light and blue light and is approximately 2% of the focal distance of the 
projection lens. The distance can be adjusted by selecting the thickness of the optical member as 
appropriate. 

[039] If the inner surface of the light shielding portion is formed as a reflection surface, 

light emitted from the LED chip and falling on the light shielding portion is reflected by the 
reflection surface and returned to the LED chip side. Then, the light is reflected again by the 
cavity inner sur&ce, and part of the light passes through the optical member and is emitted 
externally, thus improving light extraction eflSciency. 

[040] If the reflection surface is arranged in a slanted configuration so as to reflect light 

from the LED chip, light reflected by the reflection surface travels toward a position displaced 

20 
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from the LED chip, and the light reflected again by the cavity inner surface is guided to regions 
other than the Ught shielding portion and is emitted externally, further improving light extraction 
eflSciency. 

[041] If a second reflection surface for reflecting reflected light from the reflection 

surfece toward the optical axis is provided opposite the reflection surface and on the inner 
surface of the base cavity, light reflected by the reflection surfaced travels toward the cavity 
inner surface and is reflected by the second reflection surface and emitted externally, fiirther 
improving light extraction eflRciency. 

[042] If the reflection surface is comprised of a thin metal film formed on the surface of 

the light shielding portion, the reflection surface can be readily constituted, for example, by 
forming the thin metal film on the light shielding portion surface by sputtering. The thin metal 
film can be formed from alimiinum, nickel or other similar material. 

[043] If the reflection surfece is comprised of a member in plate form and is provided 

on the surface of the Ught shielding portion, the reflection surface can be readily constituted, for 
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example, by affixing a metal plate such as stainless steel or aluminum to the surface of the light 
shielding portion by adhesion or other method. 

[044] The fluorescent substance layer can be maintained roughly at a constant thickness 

as a whole by forming the layer as a thin fiha Therefore, the optical path length is the same for 
light incident on the fluorescent substance layer at the same incidence angle, thus suppressing 
uneven color. 

[045] If the fluorescent substance layer is formed as a flat convex lens such that the 

fluorescent substance layer becomes thinner from the inner surface of the optical member to the 
inside or outside as the distance from the optical axis increases, the optical path length is not 
substantially extended in the surroimding regions that are distant from the optical axis, despite an 
increase in mcidence angle from the LED chip to the fluorescent substance layer. Thus, it is 
possible to reduce chromaticity deviation, e.g., reduce the possibility of mixed color light from 
becoming tinged with yellow Ught. 

22 
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[046] If the fluorescent substance layer is comprised of a silicon film impregnated with 

fluorescent substance, the fluorescent substance layer can be readily formed by impregnating a 
silicon material with fluorescent substance and forming the fluorescent substance layer on a glass 
plate, for example, with a spin coater or by molding. 

[047] If one of the optical member, the inner surface of the light shielding portion, or 

the reflection surface, (each of which can be in contact with the fluorescent substance layer), is 
coated with a SiOa layer, the coating of the surfece with the Si02 layer readily brings the 
fluorescent substance layer into intimate contact with the optical member, regardless of the 
materials of which the optical member and the Ught shielding portion are made, thus preventing 
the fluorescent substance layer from falling off. 

[0481 If the fluorescent substance layer is formed so as to become thinner with 

increasing distance from the optical axis, the limiinous intensity of light from the LED chip 

declines with increasing distance from the optical axis. By adjusting the amount of fluorescent 

substance in the fluorescent substance layer through adjustment of the thickness in accordance 
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with the decline in luminous intensity, it is possible to maintain the chromaticity of mixed color 
light substantially constant, thus suppressing occurrence of uneven color. 
[049] If the outer surface of the flat cover is provided with a microtexture structure at 

least in regions not corresponding to the light shielding portion, mixed color light incident on the 
flat cover inner surface at a relatively large incidence angle can be prevented from becoming 
attenuated as a result of repeated reflection inside the flat cover. The mixed color light can be 
emitted externally based on the conq)lex surface shape of the microtexture structure, thus 
improving light extraction efficiency and enhancing brightness on the optical axis through 
directivity adjustment of light emitted externally by the optical action of the microtexture 
structure. This allows more light flux to be incident within the acceptance angle of the vehicle 
headlight's projection lens, providing improved light utilization efficiency and higher luminous 
intensity to the vehicle headlight. 

24 
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[050] If the microtexture structure is formed on the flat cover surface, the microtexture 

structure can be readily provided by providing a shape corresponding to the microtexture in 
molds during molding of the flat cover. 

[051] If the microtexture structure is formed in sheet form separately from the flat cover 

and adhered to the outer surface of the flat cover, the microtexture structure can be readily 
provided by adhering the microtexture structure in sheet form to the outer surface of a 
conventional flat cover. 

[052] If the microtexture structure is formed on a surface not corresponding to the light 

shielding portion of the flat cover and if the second light shielding portion is formed projecting 
along the optical axis on the surface corresponding to the light shielding portion of the flat cover, 
effects of chromatic aberration due to the blue light wavelength component can be partially or 
entirely eliminated by arranging the second Ught shielding portion (the portion for Umiting the 
blue Ught wavelength component of Ught passing through the light shielding portion) outwardly 
of the microtexture structure. 

25 
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[053] Light from the LED chip of the light source apparatus can excite the fluorescent 

substance in the fluorescent substance layer and then change into mixed color light from nuxture 
with excitation light, which is then emitted via the light shielding portion. Then, light falls on 
the incidence surface of the projection lens and is converged by tiie projection lens, thus causing 
the light to be irradiated forward. At this time, a given light distribution characteristic is formed 
by the light shielding portion, providing a so-called low-beam light distribution characteristic 
that partially or entirely eliminates glaring or dazzling light from being projected onto oncoming 
vehicles. 

[054] At this time, heat generated by the LED chip can be partially or entirely prevented 

from being transferred to the fluorescent substance layer by isolating the fluorescent substance 
layer from the LED chip. This suppresses ten^erature rise in the fluorescent substance layer due 
to heat generation by the LED chip. 

[055] Consequently, a decline in excitation Ught conversion efificiency due to 

tenq)erature rise in the fluorescent substance layer is suppressed, suppressing in return a 
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reduction in excitation light and thereby reducing luminous intensity change attributed to 
temperature rise, enhancing luminous intensity of mixed color Ught and improving light 
extraction efficiency. 

[056] Isolation of the LED chip from the fluorescent substance layer allows uneven 

brightness of the LED chip's emission portion to fall on the fluorescent substance layer in a 
diffused manner, thus reducing uneven color and forming a gradation with smooth brightness 
distribution. 

[057] Further, arrangement of the light shielding portion within the light source 

apparatus allows the LED chip and the Ught shielding portion to be brought closer to each other, 

making it possible to form a cutoff" with the high-brightness portion near the emission portion 

and therefore achieving higher brightness and realizing a clear cutoff*. 

[058] Thus, by allowing light from the LED chip to fell on the fluorescent substance 

layer that is isolated from the LED chip, exciting the fluorescent substance in the fluorescent 

substance layer, emitting mixed color light outside the light source apparatus via the Ught 
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shielding portion and projecting the light forward with the projection lens, it is possible to 
suppress ten^erature rise in the fluorescent substance layer for improved utilization efficiency of 
light emitted from the LED chip and partially or totally eUminate chromaticity deviation due to 
tenq)erature rise for providing a light distribution pattern and brightness distribution appropriate 
for a light source and in particular for a vehicle headlight. Consequently, it is possible to provide 
a light source apparatus for a vehicle lamp and a vehicle lamp suited for use as a headlight or 
auxiliary headlight and which uses an LED chip as its light source. 
BRIEF DESCRIPTION OF THE DRAWINGS 

[059] The above and other aspects, features and advantages of the present invention will 

become more apparent from the following detailed description when taken in conjunction with 
the accon^anying drawings, in which: 

[060] Fig. 1 is a schematic perspective view showing an embodiment of a vehicle 

headlight made in accordance with the principles of the present invention; 
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[061] Fig. 2 is a schematic sectional view showing a configuration of the embodiment 

of the vehicle headlight shown in Fig. 1 ; 

[062] Fig. 3 is a schematic perspective view of the vehicle headlight shown in Fig. 1 

showing a light distribution pattern; 

[063] Fig. 4 is a schematic perspective view showing a configuration of the light source 

apparatus as shown in Fig. 1 ; 

[064] Fig. 5 is a schematic sectional view showing a configuration of the Ught source 

apparatus shown in Fig. 4; 

[065] Fig. 6 is a partially enlarged sectional view showing a configuration of the light 

shielding portion for the light source apparatus shown in Fig. 4; 

[066] Fig. 7 is a schematic view showing chromatic aberration of the projection lens of 

the vehicle headlight shown in Fig. 1 ; 

[067] Fig. 8 is a partially enlarged sectional view showing an exemplary configuration 

of a modification of the light shielding portion for the light source apparatus shown in Fig. 4; 
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[068] Fig. 9 is a partially enlarged sectional view showing a configuration of the 

fluorescent substance layer for the light source apparatus shown in Fig. 4; 
[069] Fig. 10 is a partially enlarged sectional view showing an example modification of 

the fluorescent substance layer shown in Fig. 9; 

[0701 Fig. 1 1 is a partially enlarged sectional view showing another example 

modification of the fluorescent substance layer shown in Fig. 9; 

[0711 Fig. 12 is a schematic view showing the diffused state in the fluorescent substance 

layer for the light source apparatus shown in Fig. 4; 

[0721 Fig. 13 is an enlarged partial sectional view showing portions of another preferred 

embodiment of the vehicle headlight made in accordance with the principles of the present 
invention; 

[0731 Fig. 14 is an enlarged partial sectional view showing a modification example of 

the embodiment of the vehicle headlight of Fig. 13; 
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[0741 Fig. 1 5 is a schematic sectional view showing a configuration for a light source 

apparatus of another embodiment of the vehicle headlight made in accordance with the principles 
of the present invention; 

[075] Fig. 16 is a partial sectional view showing light repeatedly reflected within an 

optical member in the light source apparatus shown in Fig. 15; 

[076] Fig. 17 is a partial sectional view showing the fimction of a microlens array in the 

light source j^paratus shown in Fig. 15; 

[0771 Fig. 1 8 is a partial sectional view showing an exanq)le configuration for a 

microprism provided in place of the microlens array in the light source apparatus shown in Fig. 
15; 

[0781 Fig. 19 is a partial sectional view showing a configuration of another example of a 

microprism provided in place of the microlens array in the light source apparatus shown in Fig. 
15; 
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[079] Fig. 20 is a directivity characteristic graph of the light source showing the effect 

of the microlens array shown in Fig. 15; 

[080] Fig. 21 is a partial sectional view showing a modification example of the light 

shielding portion for the light source apparatus shown m Fig. 15; 

[081] Fig. 22 is a schematic sectional view showing an example configuration of a light 

source apparatus used in a conventional vehicle headUght; 

[082] Fig. 23 is a graph showing a standard low-beam light distribution characteristic 

for a vehicle headlight; 

[0831 Fig- 24 is a schematic sectional view showing an example configuration of a 

vehicle headlight using the light source apparatus shown in Fig. 22; 

[084] Fig. 25 is a schematic sectional view showmg another example configuration of a 

vehicle headlight using the light source apparatus shown in Fig. 22; 

[085] Fig. 26 is a graph showing luminous intensity change with distance fi-om an LED 

chip; 
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[086] Fig. 27 is a graph showing a Hght distribution pattern for the vehicle headlight 

shown in Fig. 24; 

[087] Fig. 28 is a schematic sectional view showing still another example configuration 

for a vehicle headlight using the light source apparatus shown in Fig. 22; 
[088] Fig. 29 is a graph showing a light distribution pattern for the vehicle headlight 

shown in Fig. 28; 

[0891 Fig- 30 is a schematic sectional view showing another example configuration of a 

vehicle headlight using the light source apparatus shown in Fig. 22; and 

[090] Fig. 3 1 is a schematic sectional view showing another example configuration of a 

vehicle headlight using the Ught source apparatus shown in Fig. 22. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[091] Preferred embodiments of the present invention will now be described in detail 

with reference to Figs. 1 to 21. 

33 



Attorney Docket No. ST3001-0039 

[092] It should be noted that while the embodunents described below are subject to 

various technically preferred limitations because they are preferred specific examples, the scope 
of the present invention may not be limited thereby. 

[093] Figs. 1 to 3 Ulustrate a configuration of a preferred embodiment of a light source 

made in accordance with the principles of the present invention. 

[094] In Figs. 1 and 2, the light source is configured as a vehicle headlight 10 that can 

include a light source apparatus 11 and a projection lens 12 for converging light fi-om the light 
soxirce apparatus 11. The light source apparatus 1 1 can include a base 20, an LED chip 21, a 
resin portion 22, an optical member 23, a light shielding portion 24, a fluorescent substance layer 
25 and a pair of lead terminals 26 and 27, as shown in Figs. 4 and 5. 

[095] The base 20 can be constituted of a highly thermally conductive heat radiating 

core such as copper and can be provided with a concave cavity 20a formed on the upper surface 
so as to expand upward. 
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[096] The LED chip 21 is, for example, a blue LED chip attached to the bottom surface 

of the cavity 20a of the base 20 by die bonding, etc., with the electrode portion on the upper 
surface of the LED chip wire-bonded to the upper end of the lead terminal 26 by a gold wire 26a. 
On the other hand, the upper surfece of the base 20 can be similarly wu-e-bonded to the upper 
end of the other lead terminal 27 by a gold wire 27a. 

[0971 The resin portion 22 is preferably made of a translucent resin such as silicon, that 

is charged mto the cavity 20a of the base 20 and hardened. The optical member 23 can be a flat 
cover (or lens) made of glass, resin or other translucent material and arranged above the LED 
chip 21 and roughly perpendicularly to the optical axis. The light shielding portion 24 can be 
arranged on part of the region of the inner surface of the optical member 23 (lower surface in 
Fig. 5), forming a so-called cutoflFby blocking part of light emitted from the LED chip 21 and 
adjusting the light distribution pattern projected by the projection lens 12 into a low-beam light 
distribution pattern for a vehicle headlight, for example, as shown in Fig. 23. 
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[098] The light shielding portion 24 can also be arranged on the optical axis of the LED 

chip 21 within 2mni, and more preferably Imm, from the upper surface of the LED chip 21, ie,, 
the emission surface. Further, the light shielding portion 24 may be provided with a reflection 
surface 24a on its lower surfece and on the side of the LED chip 21. The light shieldmg portion 
24 can be made of a metal plate such as stamless steel or aluminum, and the light shielding 
portion 24 and reflection surface 24a may be adhered or otherwise attached to the inner surface 
of the optical member 23. 

[099] Alternatively, the reflection surface 24a may be formed as a thin metal film on the 

surface of the light shielding portion 24, for example, by sputtering. Aluminum is preferred, for 
example, for use as a thin metal fihn, and can achieve reflectance on the order of 90%. The thin 
metal fihn may have a two-layer structure of nickel and aluminum. In this case, it is possible to 
form the flatter reflection surface 24a by arranging nickel on the inside and thereby smoothing 
the surface of the optical member 23 or the Ught shielding portion 24. Further, if the hght 
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shielding portion 24 and the reflection surfece 24a are formed as an integral thin fihn, a thickness 
of lOOnm or more is preferred to prevent transmission of light. 

[OlOOJ The light shielding portion 24 can have a given thickness "d" along the optical 

axis, as shown in Fig. 6. The thickness is preferably the difference between a focus position Fl 
according to red wavelength light (the longer wavelength side) and a focus position F2 according 
to blue wavelength light (the shorter wavelength side) of the projection lens 12 (refer to Fig. 7), 
that is, generally approximately 2% of the focal distance of the projection lens 12 if the 
projection lens 12 is made of an ordinary material This configuration helps to eliminate 
chromatic aberration caused by a difference in refraction index of the material of the projection 
lens 12 for red wavelength light and blue wavelength light, and reliably blocks, using the Ught 
shielding portion 24, red wavelength light and blue wavelength light separated due to chromatic 
aberration of the projection lens, thus reducing or eliminating color separation in light that is 
irradiated in a forward direction. 
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[01011 It should be noted that, instead of associating the thickness d of the light shielding 

portion 24 with the difference in focal distance according to red wavelength light (longer 
wavelength side) and blue wavelength light (shorter wavelength side) of the projection lens 12, 
the thickness of the optical member 23 may be associated with the difference in focal distance by 
providing a second light shielding portion 28 on the outer surface of the optical member 23 and 
corresponding with the light shielding portion 24 that is positioned on the inner surface of the 
optical member 23, as shown in Fig. 8. 

[0102] The fluorescent substance layer 25 can be formed in thin fihn form, for example, 

by impregnating a silicon material with fluorescent substance (not shown) and affixing it to the 
inner surfece of the optical member 23, for example, by adhesion. The fluorescent substance is 
excited by blue light from the LED chip 21 and emits yellow light - excitation light. The yellow 
light is mixed with blue light from the LED chip 21 to change into white light that will be 
emitted externally. 
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[0103] The surfaces of the optical member 23 and the light shielding portion 24 can be 

coated with a SiOi film 23a, thus enhancing adhesion of the fluorescent substance layer 25 to the 
optical member 23 and the Ught shielding portion 24 and preventing the fluorescent substance 
layer 25 from felling off. The Si02 film 23a can be formed by a thin fihn coating method such 
as sputtering and may be formed concurrently with the reflection surfece 24a if the reflection 
surface 24a consists of a thin film. If the optical member 23 is made of glass, the SiOi film 23a 
may be omitted. 

[0104] Further, the fluorescent substance layer 25 can be arranged at a given distance 

from the upper surface of the LED chip 21. This reduces thermal conduction from the LED chip 
21 to the fluorescent substance layer 25, thus suppressing temperature rise in the fluorescent 
substance layer 25. 

[0105] The conversion efficiency of the fluorescent substance layer 25 generally 

declines, at 100^'C, to approximately 70% of its level at room temperature and to about 50% or 

less at 150^C. In contrast, the LED chip 21 drops in output to 90% at lOO^C and 70% at 150^C. 
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[0106] Consequently, chromaticity deviation in mixed color light can be reduced by 

maintaining the temperature of the fluorescent substance layer 25 low as compared with that of 

the LED chip 21, for example, at 70% or so of that of the LED chip 21. This can be 

acconq)lished through adjustment of thermal resistance between the LED chip 21 and the 

fluorescent substance layer 25 and by adjusting the distance therebetween and the medium 

provided therebetween, and thereby reducing the difference in efficiency reduction as a result of 

ten:q>erature rise in the LED chip 21 and the fluorescent substance layer 25. 

[0107] In the light source apparatus 1 1 shown in Fig. 2, for exan^le, it is possible to 

reduce the temperature of the fluorescent substance layer 25 to 70°C or so when the temperature 

of the LED chip 21 is 100°C by spacing the LED chip 21 and the fluorescent substance layer 25 

1 .2mm apart, thus suppressing the decline in conversion efficiency of the fluorescent substance 

layer 25 due to temperature rise and reducing chromaticity deviation. 

[0108] The fluorescent substance layer 25 can be maintained at a roughly constant 

thickness as shown in Fig. 9 by forming the fluorescent substance layer 25 as a thin film. 
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Therefore, the optical path length in the fluorescent substance layer 25 is the same for light 
incident on the fluorescent substance layer 25 at the same incidence angle, thus suppressing 
uneven color. 

[0109] In contrast, the fluorescent substance layer 25 may be formed in a flat convex lens 

form so as to become thinner with increasing distance from the optical axis as shown in Figs. 10 
or 1 1 . The convex side of the fluorescent substance layer 25 can either face inward or away 
from the optical member 23, and the optical member 23 can be shaped soas to conform to the 
convex surface of the fluorescent substance layer 25 when the convex surface faces inward 
toward the optical member 23 as shown in Fig. 11. This ensures that the optical path length is 
not substantially extended in the surrounding regions distant from the optical axis, despite an 
increase in mcidence angle from the LED chip 21 to the fluorescent substance layer 25, allowing 
a reduction in chromaticity deviation such as when mixed color light becomes tinged with 
yellow. 
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[0110] The fluorescent substance layer 25 can be formed as a thin fibn, for exan^le, by 

applying silicon or other material impregnated with a fluorescent substance onto a glass plate, 
etc. with equipment such as a spm coater, or can be formed by molding. In the case of molding, 
it is possible to readily produce the fluorescent substance layer 25 with a varying thickness, as 
mentioned earlier and as exemplified in Figs. 10 or 1 1. 

[0111] The projection lens 12 can include a convex lens and can be arranged such that 

the optical axis is aligned with the central axis extending roughly horizontally to the front of the 
base 20 of the Ught source apparatus 1 1, and can also be arranged such that the focus position F 
on the side of the light source apparatus 1 1 is located near the optical member 23 of the light 
source apparatus 1 1 . 

[0112] A vehicle headlight 10 according to an embodiment of the present invention can 

be configured as described above, and power supplied to the LED chip 21 causes Ught to be 

emitted from the LED chip 21 which causes Ught to be emitted from the resin portion 22 directly 

or after reflection by the internal surface of the cavity 20a of the base 20, which in turn causes 
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light to M on the fluorescent substance layer 25 and excite the fluorescent substance in the 
fluorescent substance layer 25. Then, yellow light - excitation light generated by the fluorescent 
substance - can be mbced with blue light from the LED chip 21 to change into white light, that 
will be emitted after transmission through the optical member 23, collected by the projection lens 
12 and irradiated in a forward direction. At this time, part of the white light - the nuxed color 
light - can be blocked by the Ught shielding portion 24, thus forming a cutoff. The image of the 
cutoff can be projected in the forward direction by the projection lens 12, thus providing a low- 
beam light distribution pattern L. 

[01 13] Isolation of the fluorescent substance layer 25 of the light source apparatus 1 1 

from the LED chip 21 suppresses temperature rise in the fluorescent substance layer 25, reducing 
the difference in efficiency reduction as a result of ten^erature rise in the LED chip 21 and the 
fluorescent substance layer 25 and thereby suppressing chromaticity deviation in the mixed color 
light due to temperature rise. 
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[0114] The arrangement of the light shielding portion 24 such that it is close to the LED 

chip 21 in the light source apparatus 1 1 ensures high luminous mtensity on the Ught shielding 
portion 24, thus allowing formation of a clear cutoff by projecting the image of the light 
shielding portion 24 forward by the projection lens 12. 

[0115] According to e5q)eriments, for example, it is possible to obtain approximately 

60% of the emitted Ught by spacing the LED chip 21 and the Ught shielding portion 24 within 
2mm apart and approximately 90% by spacing them within 1mm apart. 
[0116] The vehicle headlight can be simply configured by locating the focus position of 

the projection lens 12 near the light shielding portion 24 of the light source apparatus 1 1. 
[01171 Further, provision of the reflection surface 24a on the inner surface of the Ught 

shielding portion 24 results in Ught incident on the light shieldmg portion 24 being reflected, 
aUowing, through reuse, more Ught to pass through the Ught shielding portion 24 and be 
irradiated forward. This enhances extraction efficiency of light from the light source apparatus 
11 by 10% or so, 
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[01 18 J Provision of the light shielding portion 24 with a given thickness can substantially 

or completely eliminate separation of red light from blue light due to chromatic aberration of the 
projection lens 12, thus changing light irradiated forward into white light suited for use in the 
vehicle headlight. 

[0119] Further, isolation of the fluorescent substance layer 25 from the LED chip 21 

allows light from the LED chip 21 to fall on the fluorescent substance layer 25 in a sufficiently 
diffused manner, as shown in Fig. 12, thus providing the brightness distribution of the mixed 
color light from the fluorescent substance layer 25 with a smooth gradation. This makes the 
secondary cutoff line substantially or completely inconspicuous in the Ught distribution pattern 
projected by the projection lens 12, thus considerably reducing light distribution stripes, etc. on 
the road surface. 

[0120] Although isolation of the fluorescent substance layer 25 from the LED chip 21 

may result in a decline in the center brightness to about 2/3, the decUne in brightness can be 

partially con:q)ensated for by improved conversion efficiency of the fluorescent substance and 
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improved light extraction efficiency by the reflection surfece 24a. In addition, significant 
advantages such as reduction in uneven color and reduction in the generation of gradation in the 
brightness distribution can be obtained. 

[01211 Thus, it is possible to improve conversion efficiency of the fluorescent substance 

in the fluorescent substance layer 25 in the event of temperature rise by isolating the fluorescent 
substance layer 25 from the LED chip 21, thus reducing chromaticity deviation due to 
temperature rise. It is also possible to improve axial brightness by arranging the light shielding 
portion 24 close to the LED chip 21, thus forming a clear cutoff. 
[0122J Fig. 13 illustrates a configuration for major portions of another preferred 

embodiment of the present invention. 

[0123J In Fig. 13, the light source is configured as a vehicle headlight 30, having roughly 

the same configuration as the vehicle headlight 10, but differing from the vehicle headlight 10 

shown in Figs. 1 and 2 in that the reflection surface 24a of the light source apparatus 1 1 has a 

portion that is arranged diagonally relative to the surface that is perpendicular to the optical axis 
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and in that the inner surface of the cavity 20a of the base 20 has a portion that is correspondingly 
formed as an oddly shaped reflection horn 20b. 

[0124] In this case, the reflection surface 24a is formed by three-dimensionally 

configuring the light shielding portion 24, formed with a light shieldmg material, along the 
optical axis and mirror-polishing the surface of the light shielding portion 24. The vehicle 
headlight 30 can function in a similar manner as compared to the vehicle headlight 10 shown in 
Figs. 1 and 2, and the majority of light incident on the light shielding portion 24 can be reflected 
by the reflection surfiice 24a, guided to the oddly shaped reflection hom 20b of the cavity 20a of 
the base 20, reflected by the oddly shaped reflection hom 20b and can fall onto the fluorescent 
substance layer 25 as secondary reflected light. Mixed color light fi-om mixture with resultant 
excitation light can be emitted externally via the optical member 23. This further improves 
extraction efficiency of light from the light source apparatus 1 1 . 

[0125J Fig. 14 illustrates another preferred embodiment of the invention in which the 

light source is configured as a vehicle headlight 40. Vehicle headlight 40 is an example of a 
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modification of the vehicle headlight 30 shown in Fig. 13, and differs from the vehicle headlight 
30 m that the reflection surface 24a of the light source apparatus 1 1 can mclude a thin metal film 
that also functions as the light shielding portion 24, and in that the optical member 23 can be 
correspondingly formed three-dimensionally so as to constitute the surface of the reflection 
surface 24a. 

[0126] The vehicle headlight 40 can function in a similar manner as the vehicle headlight 

30 shown in Fig. 13, and the majority of light incident on the reflection surface 24a can be 
reflected, guided to the oddly shaped reflection hom 20b of the cavity 20a of the base 20, 
reflected by the oddly shaped reflection hom 20b, and can fall onto the fluorescent substance 
layer 25 as secondary reflected light. As a result, mixed color light from mixture with resultant 
excitation light is emitted externally via the optical member 23. This fiirther improves extraction 
efficiency of light from the light source apparatus 11. 

[0127J Fig. 15 illustrates another preferred embodiment of the invention in which the 

light source is configured as a vehicle headlight 50. The vehicle headlight 50 can have roughly 
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the same configuration as the vehicle headlight 10, but differs from the vehicle headlight 10 
shown in Figs. 1 and 2 in that the light source apparatus 1 1 can be provided with a base 5 1 
configured as a ceramic base in place of the base 20 and in that the outer surface of the optical 
member 23 is provided with a microlens array 52 as a microtexture structure. 
[0128] The base 51 can, for example, be made of a ceramic material such as aluminum 

nitride or alumina to form a ceramic base of laminated structure. The base 5 1 can include wiring 
patterns 51b and 51c for the LED chip 21. This allows the LED chip 21 to be die-bonded to the 
wiring pattern 51b exposed on the bottom surfece of the cavity 51a, with the electrode portion on 
the upper surface of the LED chip 21 wire-bonded to the wiring pattern 51c by a gold wire 5 Id. 
[0129] The microlens array 52 m the illustration can be formed integrally as a separate 

body and can be affixed to the optical member 23, that is the flat cover, for example, by 
adhesion. The microlens array 52 can emit light (light that is mcident on the optical member 23 
at a relatively large angle, repeatedly reflected by the inner surface within the optical member 23 
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and no longer capable of being emitted from the optical member 23 as shown in Fig. 16) from 
the outer surface of the optical member 23 as shown in Fig. 17. 
[0130] It should be noted that while the microlens array 52 can be employed as a 

microtexture structure in this case, the present invention is not limited thereby and other 
structures such as a microprism array 53 shown in Fig. 1 8 or a microprism array 54 shown in 
Fig. 19 may be provided as long as the microprism arrays 53 or 54 or other structure have similar 
optical fimctionality. 

[0131] Further, by forming individual microlenses of the microlens array 52 as non- 

spherical lenses or by forming individual microprisms of the microprism array 53 or 54 as prisms 
in pyramid form, it is possible to refract Ught emitted from the optical member 23 using 
individual microlenses or microprisms and impart directivity along the optical axis to the emitted 
light. This allows more light flux to be incident within the acceptance angle of the projection 
lens 12, providing improved light utilization efficiency and higher luminous intensity of 

irradiated light for the vehicle headlight 50. 
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[0132] The vehicle headlight 50 functions similar to the vehicle headlight 10 shown in 

Figs. 1 and 2, and it is possible to cause more light to be diffused forward, as shown by a solid 
line in Fig. 20, by externally radiating light that is repeatedly reflected by the mner surface 
within the optical member 23 serving as the flat cover, using the microlens array 52, thus 
improving extraction efficiency of light from the Ught source apparatus 1 1 by about 5 to 20%. 
[0133] More specifically, approximately 12% improvement in light extraction efficiency 

can be achieved when individual microlenses of the microlens array 52 are formed as 
semispherical lenses of 50[im in diameter. 

[0134] In this case, the wiring patterns 51b and 51c can be integrated into the base 5 1 and 

provided in place of the lead terminals 27 that are separate from the base, thus keeping the parts 
count low and reducing parts and assembly costs. 

[0135] It should be noted that if a second light shielding portion 28 is provided on the 

outer surface of the optical member 23 in the vehicle headlight 50 to bring the substantial 

thickness of the light shielding portion 24 to the given thickness d and thereby conq)ensate for 
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chromatic aberration of the projection lens 12, it is necessary to arrange the end edge of the 
second light shielding portion 28 forward or outward of the microlens array 52. For this reason, 
the plate shaped member that can form the second light shieldmg portion 28 may be arranged at 
a position on the outer surface of the optical member 23 corresponding to the light shielding 
portion 24, as shown in Fig. 21. Alternatively, a structure that is substantially equivalent to the 
plate shaped member may be formed in advance and be integrally formed with the optical 
member 23 and coated or painted with light shielding material. 

[0136] Although, in the foregoing embodiments, the end edges of the light shielding 

portion 24 and the second Ught shielding portion 28 are formed so as to eliminate light that is 
glaring to oncoming vehicles on the right-hand forward side of the automobile, with low-beam 
light distribution limited to traffic on left-hand side, the present invention is not limited thereby 
and a similar effect can be obtained, in the case of traffic on right-hand side, by reversing the 
horizontal arrangement of the end edges of the light shielding portions 24 and 28. 
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[0137] While illustrative and presently preferred embodiments of the present invention 

have been described in detail herein, it is to be understood that the inventive concepts may be 
otherwise and variously embodied without departing from the spirit and scope of the invention. 
For example, the cavity of the base structure in which the LED chip is located can be integrally 
formed in the top surface of the base structure or it can be independently formed and attached to 
the top of the base structure. Moreover, the cavity can be formed as a part of the LED chip itself 
such that the LED chip radiates light along the optical axis of the light source device. In 
addition, the light source can be used in apparatus other than vehicle headlights, such as vehicle 
tail lights, projection lights, light boards, and any type of lighting device in which directivity of 
light is desired and the light source is compact. The appended claims are intended to be 
construed to include all such variations that fall within the spirit scope of the invention. 
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